We predict the contribution of scalar unparticle to the branching ratios of the lepton flavor conserving Z → l + l − decays and we study the discrepancy between the experimental and the QED corrected standard model branching ratios . We observe that these decays are sensitive to the unparticle scaling dimension d u for its small values, especially for heavy lepton flavor output. *
Theoretically, Z boson decays to lepton pairs exist in the tree level, in the standard model (SM) if the lepton flavor is conserved. The improved experimental measurements stimulate the studies of these interactions and with the Giga-Z option of the Tesla project, there is a possibility to increase Z bosons at resonance [1] . The experimental predictions for the branching ratios (BRs) of these decays are [2] BR(Z → e + e − ) = 3.363 ± 0.004 % , BR(Z → µ + µ − ) = 3.366 ± 0.007 % , BR(Z → τ + τ − ) = 3.370 ± 0.0023 % ,
and the tree level SM predictions, including QED corrections read BR(Z → e + e − ) = 3.3346 % ,
It is seen that the main contribution to BRs of Z boson lepton pair decays is coming from the tree level SM contribution and the discrepancy between the experimental and the SM results is of the order of 1.0 %. In the literature, there are various experimental and theoretical studies [3]- [18] . The vector and axial coupling constants in Z-decays have been measured at LEP [8] and various additional types of interactions have been performed. A way to measure these contributions in the process Z → τ + τ − was described in [11] . In [17] and [18] the possible new physics effects to the process Z → l + l − , in the two Higgs doublet model and in the SM with the non-commutative effects have been studied, respectively.
The present work is devoted to analysis whether the inclusion of the scalar unparticle effects overcomes the discrepancy of the BRs between the experimental and the QED corrected SM result (see [19] and references therein) for the lepton flavor conserving (LFC) Z decays. Furthermore, we study the new parameters arising with the unparticle effects and the dependencies of the BRs to these new parameters.
The unparticle idea is introduced by Georgi [20, 21] and its effect in the processes, which are induced at least in one loop level, is studied in various works [22] - [32] . This idea is based on the interaction of the SM and the ultraviolet sector with non-trivial infrared fixed point, at high energy level. The unparticles, being massless and having non integral scaling dimension d u , are new degrees of freedom arising from the ultraviolet sector around Λ U ∼ 1 T eV . The effective lagrangian which is responsible for the interactions of unparticles with the SM fields in the low energy level reads
where O U is the unparticle operator, the parameter η is related to the energy scale of ultraviolet sector, the low energy one and the matching coefficient [20, 21, 33] and n is the space-time dimension.
Now, we present the effective lagrangian which drives the Z → l + l − decays with internal scalar unparticle mediation. Here, we consider the operators with the lowest possible dimension since they have the most powerful effect in the low energy effective theory (see for example [34] ).
The low energy effective interaction lagrangian which induces U − l − l vertex is
where l is the lepton field and λ
is the scalar (pseudoscalar) coupling. In addition to this lagrangian, the one which causes the tree level U − Z − Z interaction (see Fig 1 (b) and (c)), appearing in the scalar unparticle mediating loop, can exist and it reads
where F µν is the field tensor for the Z µ field and λ 0 and λ Z are effective coupling constants 1 .
Since the scalar unparticle contribution Z → l + l − decay enters into calculations at least in the one loop level (see Fig.1 ), one needs the scalar unparticle propagator and it is obtained by using the scale invariance [21, 35] :
where the function
for p 2 > 0 and a non-trivial phase appears as a result of non-integral scaling dimension. Here where the factor A du is
1 The vertex factor:
is the four momentum of Z boson with polarization vector ǫ 1 µ (2 ν) .
At this stage, we are ready to consider the general effective vertex for the interaction of on-shell Z-boson with a fermionic current:
where q is the momentum transfer,
is proportional to the weak magnetic (electric dipole) moments of the fermion. Here p (−p ′ ) is the four momentum vector of lepton (anti-lepton). The form factors f V , f A , f M and f E in eq. (9) are obtained as
where the QED corrected 2 SM form factors f
Here the parameters c 1 and c 2 read
On the other hand the explicit expressions of the form factors f 
The corrections are taken to the lowest approximation in α EM
with
and
In eq. (15), the flavor diagonal and flavor changing scalar and pseudoscalar couplings λ
S,P il
represent the effective interaction between the internal lepton i, (i = e, µ, τ ) and the outgoing l − (l + ) lepton (anti lepton). Finally, using the form factors f V , f A , f M and f E , the BR for
where Γ Z is the total decay width of Z boson.
Discussion
This section is devoted to the scalar unparticle effect on the BRs of LFC Z boson decays.
LFC Z boson decays exist in the tree level in the framework of the SM and there are discrepancies between the SM BRs and the experimental ones. Here, we include the possible scalar unparticle contribution, which appears at least in the one loop, and search whether these contributions could explain the discrepancies in the BRs. We also study the new free parameters which appear with the inclusion of scalar unparticle contribution: the scaling dimension d u , the new couplings, the energy scale. These parameters should be restricted by respecting the current experimental measurements and some theoretical considerations. Now, for completeness, we would like to discuss the possibility of mixing between unparticle and Higgs boson. The possible interaction lagrangian which can induce such mixing [36, 37] reads
where H is the Higgs field and κ U is the coupling with mass dimension 2 − d U . In the case that the Higgs field acquires a non zero vacuum expectation value, the conformal symmetry of unparticle sector is broken and the Higgs field mixes with the unparticle operator O U . Recently, the effect of the considered mixing has been analyzed in detail [38, 39] , based on the idea of deconstructed version of the unparticle sector [40] . The non zero vacuum expectation value of the Higgs field drives the vacuum expectation value for the infinite tower of scalars which construct the unparticle operator and, therefore, the unparticle operator O U develops non zero vacuum expectation value which results in the conformal symmetry breaking. In these works, it has been emphasized that, besides the conformal symmetry breaking in the unparticle sector, the unparticle-Higgs mixing drives the possible influence on the Higgs boson properties, like its mass and decay width.
With the assumption that the conformal symmetry is broken at a certain scale µ, at least, the spectral density becomes
and this corresponds to remove modes with energy less than µ. We expect that the new form of the spectral density affects the BRs of the Z boson decays under consideration since the unparticle mediator which exists in the loops would be modified 7 .
As a summary, the LFC Z boson decays are sensitive to the unparticle scaling dimension d 
